The aim of this study was to systematically examine the literature on physical activity and sleep in non-clinical and population-based settings. The inclusion criteria were original studies testing the association between physical activity (as exposure) and sleep (as outcome) in representative samples of the general population, workers, or undergraduate students. Sleep health included sleep duration, sleep quality and insomnia. Studies evaluating samples including only individuals with some disease or a health condition were excluded. A search was performed in the PubMed, Scopus, Lilacs, CINAHL, and SPORTdiscus databases in March 2018. Data extraction was performed using the following items: year, author, country, population, age group, sample size, study design, sleep measurement/definition, physical activity measurement/definition, adjustment and main results. A total of 57 studies were selected, which markedly used heterogeneous instruments to measure physical activity and sleep. The majority were conducted in high-income countries and with cross-sectional design. Physical activity was associated with lower odds of insomnia (observed in 10 of 17 studies), poor sleep quality (observed in 12 of 19 studies) and long sleep duration (observed in 7 of 11 studies). The results about short sleep or continuous sleep duration remain unclear. Physical activity seems to be associated with sleep quality and insomnia, especially among adult and elderly populations in which these outcomes are more usually measured. The short-and long-term effects of physical activity intensities and dose-response on sleep should be better evaluated.
Introduction
Sleep influences several physiological processes in humans, such as hormonal secretion, energetic balance, and homeostasis 1, 2 . Healthy sleep is associated with reduced risk of chronic diseases, work and traffic accidents, mental disorders, and also with better quality of life and academic achievements 1, [3] [4] [5] [6] . Therefore, sleep health should be considered as an import public health problem due to its association with general health status and organism homeostasis 1 , and due the considerable proportion of population affected. In the United States, adults showed a prevalence of 13.5% for short sleep duration (< 6h) 7 , while in Greece, 25.3% of adult population presented insomnia 8 .
Several sociodemographic and behavioural factors have been shown to influence sleep-related outcomes. In general, sleep disorders are more frequent among women, older adults, white-collar workers, smokers, those with higher alcohol and caffeine consumption, and obese or overweight individuals [9] [10] [11] [12] [13] . The American Academy of Sleep Medicine and Sleep Research Society suggest physical activity as a factor that could help to improve sleep health parameters 14 , but evidence at the population level has not yet been clearly identified.
The effects of physical activity on sleep seem to be attributed to body thermoregulation, energy conservation, tissue restoration, hormonal secretion, regulation of the circadian rhythm, and improvement in physical fitness 15, 16 . These mechanisms possibly present shortand long-term effects on sleep, but such relationships are difficult to elucidate. A meta-analysis including only experimental studies showed that some effects of physical activity on sleep only exist, or are more pronounced, with a regular frequency of weekly physical activity practice 17 .
It is important to highlight the conceptual differences between physical activity and exercise -a regular activity planned to reach specific aims such as maintaining or increasing health or fitness. The research area of physical activity and sleep began with studies evaluating only exercise and found positive effects on sleep outcomes 15, [17] [18] [19] , but these effects remain unclear. In observational studies, temporality is an issue which should be considered in the relationship between physical activity and sleep. Some authors have argued there is a bidirectional effect: a bad night of sleep also influences exercise practice on the next day 20, 21 .
Most of the literature about the relationship between physical activity and sleep is limited to small experimental studies with volunteers or clinical samples. This limits the generalisation of the results for the entire population, and the pattern of such an association with population levels remains unclear. The effects of overall physical activity (not necessarily structured) also are unknow, since most of literature is based in studies evaluating exercises only. Therefore, this review aims to systematically examine the literature on physical activity and sleep parameters (sleep duration, sleep quality and insomnia) in non-clinical participants from samples with representativeness of a target population. Our hypothesis was that most studies have found a positive relationship between physical activity and sleep health.
Methods
The search was performed in March 2018 in following databases: PubMed, Scopus, Lilacs, CINAHL, and SPORTdiscus. We used keywords related to physical activity ("physical activity" OR "motor activity" OR "exercise" OR "physical inactivity") in combination with terms for sleep duration sleep quality and insomnia ("sleep health" OR "sleep duration" OR "sleep quality" OR "sleep disorders" OR "Pittsburgh Sleep Quality Index" OR "insomnia" OR "polysomnography" OR "actigraphy"). Each database has its specific rules for combining terms and were adjusted to the search accordingly. We opted for these three outcomes after an exploratory search which identified them as the most frequent outcomes in population-based studies of sleep. Furthermore, these outcomes are the most related to general health.
References selection (title and abstract reading) was performed by two independent reviewers simultaneously and in cases of no consensus about inclusion, a third reviewer was required for the final decision. We emailed the authors' manuscript when full text was not available.
The inclusion criteria were original studies testing the association between physical activity (as exposure) and sleep duration, sleep quality or insomnia (as outcomes) in representative samples of general populations, or specifically samples of workers or undergraduate students representing the target population they aimed at. We excluded studies evaluating physical activity and sleep variables as exposures for other health outcomes, convenience/volunteer-based samples, groups of individuals with some disease or health condition (e.g. obesity, insomnia or other sleep disorders, and/or fibromyalgia) or specific populations (e.g. athletes) and studies where effect measures were not reported. We also focused the review on studies with leisure-time physical activity isolated or combined with other domains. There were no exclusion criteria regarding population age and language. Reference lists from selected studies were also checked. The methodological procedures carried out in this review follow the PRISMA guidelines for systematic reviews 22 .
Data extraction was performed using the following items: year, author, country, population, age group, sample size, study design, sleep measurement/definition, physical activity measurement/definition, adjust-ment and main results. Selected studies were evaluated regarding the quality of the report, taking into account (a) response rate report, (b) sleep variable description in text, (c) physical activity variable description in text, (d) adjustment at least for sex/gender, age, and socioeconomic/educational status. We establish this criterion after a discussion about which parameters may capture the quality of studies, since most of the existing scales to measure the quality of studies could not properly be applied in the selected studies.
In order to compare and present the results in a clear way, selected studies were presented as three groups of outcomes: (a) sleep duration, (b) insomnia; and (c) sleep quality. Manuscripts evaluating more than one outcome were included for each outcome. References evaluating more than one dimension of sleep duration (e.g. short and long sleep) were also evaluated separately.
In order to make the results clearer, three categories regarding the association of physical activity with sleep were created:
• Physical activity improves sleep: when physical activity decreases the risk of adverse sleep outcomes (e.g. short sleep, long sleep, insomnia or poor quality) or increased the risk of "good" sleep outcomes (e.g. adequate sleep duration, good sleep quality, and insomnia absence). We also considered as improvement in sleep when physical inactivity or low physical activity increases the risk of "bad" sleep outcomes or decreases the risk of "good" sleep outcomes. • Physical activity worsens sleep: when physical activity increases the risk of adverse outcomes or decreases the risk of "good" outcomes. Also, it was defined as worsening when physical inactivity or low physical activity decreases the risk of adverse outcomes or increases the risk of "good" outcomes.
Results
The search identified 16,647 references. Figure 1 presents the number of studies included/excluded in each phase of this review. After all processes, 57 studies were included ( Figure 1 ). Table 1 presents features of the selected studies. From 57 studies, 28 included population-based samples of adults and elderly 7, 8, 10, 13, , among them, seven only elderly 23, 25, 30, 32, 33, 36, 37 . Sixteen studies included samples of children and adolescents 22,47-61 . Eight studies assessed workers' samples 7, 20, [62] [63] [64] [65] [66] [67] and six included only undergraduate students 68-73 . More than 60% of studies were published after 2011 and included samples with at least 1,500 individuals.
The majority of the selected studies came from Asia, Around three-quarters of studies (n = 44) reported some response rate or made the original sample size available for such calculation. All studies presented a clear outcome description. Regarding physical activity, sixteen did not provide clear information about the instrument used to measure it 22, 25, 29, 34, 35, 37, 41, 42, 46, 48, 51, 53, 56, 57, 63, 68 . Regarding adjustment, only 63.2% of studies showed adjusted analyses for sex, age, and socioeconomic/educational status (Table 1) . Detailed information about each study may be found in Supplementary Table. Figure 2 shows the results found in this review. Physical activity seems to present a positive effect in long duration of sleep, insomnia and sleep quality, while the possible effect in short and continuous duration of sleep remains unclear. Figure 3 summarizes the results of the association between physical activity and sleep duration according to some study characteristics. Short sleep duration was assessed in 22 studies 7, 10, 13, [27] [28] [29] [37] [38] [39] [42] [43] [44] 47, 48, [52] [53] [54] [56] [57] [58] 64, 65 . The majority of the studies (n = 13) did not show any association 7, 10, 13, 27, 37, 39, 43, 44, 47, 48, 56, 58, 65 . Long sleep duration was assessed in 11 studies. The majority of studies (n = 7) showed that physical activity decreases long sleep duration 7, 10, 13, 29, 37, 38, 42 , and four of them did not find any association 7, 27, 28, 58 . Seven studies evaluated continuous or adequate sleep duration, from which four did not find any association 31,49,61,68 .
The effects of physical activity on insomnia or difficulty initiating/maintaining sleep are presented in Figure 4 (n = 17). All the studies used questionnaires to measure sleep and two used accelerometers to measure physical activity, one of them in adult population-based sample 43 and another with workers' sample 67 . Regarding the association tested, 10 studies found that physical activity reduces odds/incidence of insomnia 8, [22] [23] [24] 26, 30, 34, 35, 40, 46 and seven did not find any association 20, 25, 33, 36, 43, 45, 67 .
All of the 19 studies that evaluated sleep quality ( Figure 4 ) used questionnaires to measure sleep quality. The most common was the Pittsburgh Sleep quality Index (PSQI), which was used in 13 studies 32,41,43,45,51,58,59,62,69-73 . Only one study measured physical activity using accelerometers 43 . Twelve studies showed physical activity improves sleep quality 31,32,41,51,59,62,63,66,69-71,73 and in seven no association was found [43] [44] [45] 55, 58, 60, 72 .
For all outcomes, the patterns of association among the studies with and without adequate adjustment for potential confounders were similar.
Discussion
This review presented a summary of studies assessing the association between physical activity and sleep duration, sleep quality and insomnia in population-based studies and representative samples of workers and undergraduate students. In general, results are inconsistent for short and continuous sleep duration but for long sleep, insomnia and sleep quality, physical activity results seem to play an import role for improvements on these outcomes. The most studies were cross-sectional, were performed in high-income countries, and showed a large variability of instruments for sleep and physical activity.
A review published in 2017 showed that physical activity had an important influence on sleep but some methodological aspects of this review should be highlighted 74 . The main differences between the cited review and the present study were the types of study designs included, population, key-words and the search period. Regarding data bases, it is not clear which were used in Dolezal et. al. 74 review. Authors have not clarified quality aspects of studies such as method used to measure sleep and physical activity/exercise and adjustment 74 . The present study had no limit on publication years and included only studies with representative samples of general populations, workers, and undergraduates. The other review included any kind of samples, and studies without comparison groups. Furthermore, the previously published systematic review included only papers published from 2013 to 2016. In this period, our review detected 23 studies, but only one study was included in both reviews 32 . This may lead to important differences in the inclusion criteria for the studies in each case.
The variety of instruments for physical activity measurement in the selected studies must be highlighted, ranging from lists of activities and accelerometers to questions about meeting the guidelines on exercise frequency during the week. More complete information about physical activity including domain, frequency, intensity, and duration could be important for a better understanding of the relationship. The comparison between studies was difficult due not only to the used instrument, but also to the operational definition of physical activity. Furthermore, separating the effects of physical activity and exercise on sleep was difficult due to the lack of information in the questionnaires/ questions to conclude if exposure was physical activity or exercise. The low accuracy or poor information in questionnaires of physical activity may lead to important bias in results and these measurement errors may reduce the magnitude of the tested association. In addition, the understanding of questionnaires is dependent on other individual and environmental characteristics as socioeconomic status, age and seasonal variation 75 . Studies with poor adjustment or with questionnaires developed to other population than the one studied may contribute to biased findings.
Regarding physical activity intensity, few studies could verify the association of sleep with light, moderate and vigorous physical activity separately. Buman et al. 31 found positive effects of all intensities combined on different sleep outcomes 31 . Tsunoda et al. 64 found that light and moderate physical activity decreased, respectively, 14% and 19% the risk for short sleep duration, while no effect was identified for moderate physical activity 64 . Energy expenditure of different intensities and how this is captured by physical activity instruments may explain the observed differences 15 . This fact reinforces the need of more studies on this topic.
The dose response relationship is difficult to be assessed in this review as most studies did not provide enough information for such evaluation. Some evidence was available in three studies. Inoue et al. 30 found an odds ratio of 0.75 to difficulty of initiating sleep with physical activity performed 1 to 2 days in a week compared to none 30 . The odds ratio for 3-4 days was 0.98 and for 5-7 days was 0.66 30 . In the same direction, Morgan et al. 23 in a cohort comprised by elderly individuals, showed that the magnitude of association was almost the same in individuals in medium and low categories of physical activity; they presented an odds of insomnia almost three times higher compared to those in higher category of physical activity 23 . On the other hand, Liu et al. 22 in a study with adolescents using physical activity frequency (none/ 1-2 times per week/ 3 or more times per week) found an odds ratio 2.7 higher to insomnia in individuals performing 1-2 days of physical activity comparing to three or more times per week. The odds ratio to individuals with no activity days was 3.3 22 . This evidence is not consistent; thus, more studies exploring dose-response relationships between physical activity and sleep outcomes are needed.
In terms of sleep assessment, the most common outcome was sleep duration evaluated in 28 studies but with different approaches. Also, in general these studies did not used complex questionnaires but calculated sleep duration from simple questions about sleep onset and sleep end. The recommended sleep duration in adults is seven hours per day 14 without a maximum limit, although some studies had showed that long sleep may increase risk to mortality and cognitive impairment 76-78 . The sleep duration approach (continuous, adequate, short or long) and its cut off point varied greatly across the studies. Questionnaires to measure insomnia, in general included three questions: difficulty to sleep, difficulty to maintain sleep and too early wake up. These questions were followed by additional questions in some studies. Other structured questionnaires with high reliability were used such as Athens Insomnia Scale (Cronbach's alpha of 0.90) 79 , Jenkins Sleep Questionnaire 80 and Insomnia Severity Index (Cronbach's alpha of 0.90) 81 . Studies assessing sleep quality mostly used Pittsburgh Sleep Quality, which presents sensitivity of 89.6% and specificity of 86.5% 82 .
Literature shows short-and long-effects of exercise on sleep outcomes 16, 17 . Authors discuss that lower levels of physical activity may result in sleep architecture changes as there is an increase in duration and a decrease in latency 16, 17 . Acute effects of physical activity on sleep are more related to thermoregulation, energy conservation, increases in growth hormone levels, and decreases in cortisol levels 15, 16 . On the other hand, regular exercise can potentialize physical activity's effects on sleep outcomes 17 by increase physical fitness, improve body composition and circadian rhythm regulation, factors which are positively associated with healthy sleep patterns 16 .
Acute effect is very difficult to measure. Cross-sec-tional studies cannot capture the essence of short-term effect of physical activity only with questionnaires. This is partly due to all questionnaires are related to habitual physical activity or physical activity in last week, a proxy of regular physical activity. Acute physical activity can only be assessed more easily by accelerometer with analyses of a 24 hours period, despite of challenges related to logistics and resources limitations in use of accelerometers. Recently, some recent studies started to analyse the time spent in different activities over a day 83 and in the future, studies with large representative samples and considering effect of daily activities performed over sleep at the subsequent night will contribute to a better understanding of the acute effect of physical activity. Studies evaluating short sleep, in general, did not find any association and those which found an association, were in the direction of reducing proportion of short sleep. However, most studies with long sleep duration found associations showing decreased risk of this outcome. This suggests that, in a given point in sleep duration, the effect of physical activity changes the direction and thus may reduce both short and long sleep. Results of studies evaluating continuous duration were divergent, possibly by the lack of a central reference category (e.g. 7-8 hours). Still, it is possible that physical activity plays a role only in individuals with many hours of sleep. If physical activity has a mechanism of tissue restoration, as previously studies highlight 15, 16 , it is possible that active individuals do not need a long sleep period to restoration in comparison with inactive individuals.
It is important to highlight that although the role of physical activity in sleep duration is not so clear, results about sleep quality and insomnia seem to be more consistent. In general, physical activity seems to improve sleep quality and reduce the risk of insomnia, independently of the study design (longitudinal or cross-sectional). A more restorative sleep by thermoregulation, tissue restoration or physical fitness improved by physical activity 15, 16 may lead to better sleep but not necessarily longer or shorter sleep. A new approach in sleep studies encompassing more sleep health aspects than just duration is necessary. Buysse et al. 84 commented that sleep health has different dimensions associated to different variables 84 . Thus, it is possible that physical activity has a more important association with sleep quality and disorders as insomnia than architecture data, as sleep duration.
Some reports about quality of studies included should be highlight. Although the majority of studies reported data for response rates, in many cases this rate did not reach 60% of the original sample 8, 25, 34, 58, 59, 64, 66, 67 . Moreover, about 20% of studies did not report rates regarding the original sample of study (sometimes only the analytic sample regarding the collected data) 13 ,24,31-33,39,41,44,52,56,60,61,68 . In these cases, the possibility of bias is unclear. Furthermore, some specific studies had sampling processes which were likely influenced by sample bias. For example, Ekstead et al. 61 used data from a population that was previously selected for a school intervention 61 . Although the authors comment that the intervention had no effect on the proposed association, as a school-based survey it seems inadequate, since this design did not require the representativeness of a given population 61 . Two studies 31,45 used sampling processes based on Internet and/or telephone surveys; this can be an important limitation, since not all populations have access to such services. It is probable that individuals who take part in these studies had higher educational levels, socioeconomic status, and access to health services than the general population. Better living conditions are also associated with higher levels of physical activity and lower sleep disorders, but it is probable that these conditions affect the frequency of exposure and outcome but not the association between them. Regarding the adjustment for possible confounding, most of studies adjusted or stratified for sex and age, but adjustment for socioeconomic or educational status was less frequent. Although the pattern of association comparing studies adjusted to sex, age and socioeconomic status and other studies did not change drastically, these socioeconomic characteristics are important confounding variables for this association. Several authors found that poor individuals or those with lower education had more sleep problems 7, 8, 10, 13, 27, 37 . Literature has also showed that more disadvantaged groups are more physically inactive 85,86 . Therefore, the results of studies that did not consider socioeconomic or educational status should be carefully observed, mainly in low-income countries where socioeconomic inequalities in health are more pronounced. Few studies present cohort designs and adequate adjusted analyses but, in general, these works showed that the association between physical activity and sleep persist even after the adjustment for possible confounders. Moreover, it should be noted that in this review, cohort studies did not find negative effects of physical activity on all evaluated sleep outcomes.
This review has some limitations such as heteroge-neity of data for physical activity which did not allow us to draw more specific conclusions about the magnitude of the effect studied, intensity of physical activity and dose-response relationship. Furthermore, bidirectionality in this theme is relevant. However, this issue is scarce in the literature, due to difficulties in data acquisition, especially. In other hand, this study summarizes results about association of physical activity on sleep in many ages and contexts and identifies the remaining gaps to be addressed in future research on this topic. In the future, it is relevant to reinforce some topics that should be included in the research agenda: (a) utilisation of comparable instruments for sleep outcomes that do not limit the evaluation to sleep duration only; (b) utilization of clear and comparable operational definitions of physical activity measuring frequency, intensity, and duration; (c) attention to important adjusted variables; and (d) more longitudinal studies with representative samples of low-and lower-middle-income countries are necessary.
Physical activity seems to be positively associated with lower long sleep, and negatively associated with insomnia and poor sleep quality. The results for short and continuous sleep duration are not consistent. The studies included in this review used heterogeneous measures to evaluate both exposures and outcomes and standardization of instruments is needed to obtain combined effect measures. Questionnaire: no information.
The variable generated was "PA more than once a week".
No association to any variable related to insomnia. The difficulty initiating sleep, difficulty in maintaining sleep and wake up too early were evaluated as different components of insomnia.
The outcome insomnia (positive answer to any question) also was evaluated.
Questionnaire: no information.
The generated variable was "habitual exercise". If participant answer "often" at least one of these: difficulty initiating sleep, difficulty in maintaining sleep or wake up too early, was considerate insomnia.
The generated variable was exercise frequency with categories "no physical exercise", "physical exercise 1/2 times per week" and "physical exercise 3 times per week or more".
The reference category was 3+ times per week.
Compared to individuals that did exercise 3 or more times in a week, individuals performing 1-2 times per week presented odds 2.7 times higher to insomnia (CI 95%: Questionnaire: no information.
The generated variable was exercise frequency with categories "never or rarely", "irregularly", "regularly".
No association. The variable generate result in follow categories: "not much", ">4 h/week", "exercise >3h/week" and "competition sports".
No association in the best adjusted model. Questionnaire: a. "Compared with other children, does your child run around outside?" Possible responses were "A lot," "the same," or "less." b. How many times a week does your child engage in vigorous physical activity long enough to make him/her breathe hard?" Possible responses were "Never" or "occasionally," "once or twice a week," "three or more times a week." c. "During a normal week, how many hours a day (24 hours) does your child watch television?" Possible responses were "<1," "1-3," or ">3 hours." Questionnaire: no information (leisuretime only).
The generated variable was categorized in "active" and "inactive".
Inactive men presented odds to poor sleep quality 1.18 times higher than actives (CI 95%: 1.11-1.26). Women showed similar pattern with odds of 1.18 too (CI 95%: 1.07-1.31).
Narang et al. 51
Cross-sectional Questionnaire: no information.
The generated variable was categorized into: "0-2 days/week", "3-4 days/week", "5.7 days/week". At least one symptom was considerate insomnia.
Questionnaire: "How many days a week the subjects spent 30 min or more walking (hereafter referred to as Walk), performing light work (Work; e.g., office or home-based light work, housework), and exercising (Exercise; e.g., recreational/sporting activities)." Walk, and exercise were classified into: none, 1-2 days/week, 3-4 days/week, and 5 or more days/week. Questionnaire: no information.
The generated variable was categorized into: never or less than once a week (physically inactive), once a week, two or three times per week, or daily or nearly daily.
Inactive individuals presented odds of insomnia 2 times higher than actives (CI 95%: 1.7-2.4). Questionnaire: "On how many of the past 7 days did you do exercises to strengthen or tone your muscles, such as push-ups, sit-ups, or weight lifting?' The responses range from0 to 7 days. High PA was defined as at least three days per week of exercise.
Continue…
The Physical Activity Rank Scale-3 (PARS-3) was used to assess the PA rank of the college students. The PARS-3 is a self-rated questionnaire that assesses PA rank over a 1-month time period. PA rank was measured according to the intensity, time and frequency of exercise, respectively, with the following equation: PA rank = intensity × time × frequency. By PARS-3, The resulting score (≤19, 20-42 and ≥43) was used to determine a low, medium or high PA rank, respectively. Participants were asked to state how much difficulty they have "falling asleep in the evening,", "waking several times during the night," and "waking too early and having difficulty falling asleep again." A five-point scale was used to score the sleep quality, ranging from score 1 ("none") to 5 ("very severe"). A score of 4 ("severe") or 5 ("very severe") for any of the three items confirmed symptoms of insomnia.
Questionnaire: Leisure-time physical activity was assessed using a four-point scale included the following: 1) spending most of the time watching television, reading, and being sedentary for most of their leisure time; 2)engaging in some physical activity, such as walking and cycling, at least 4 hours per week; 3) participating regularly in swimming, jogging, tennis, and aerobic exercise, for example, for 3 hours per week; and 4) performing vigorous exercise and competition in swimming, running, football, handball, for example, several times per week. The level of physical activity was categorized into three groups (low, medium, and high 
